Treatment of Bacillus subtilis with 0.4% (vollvol) toluene renders cells permeable not only to small molecules but also apparently to proteins as large as 30,000 daltons. Methyl-accepting chemotaxis proteins and two smaller polypeptides were methylated when B. subtilis methyltransferase II was added to permeabilized cells.
The net methylation of methyl-accepting chemotaxis proteins (MCPs) is the biochemical manifestation of physiological adaptation to amino acid chemoattractants by Escherichia coli (4) . In Bacillus subtilis, demethylation of MCPs occurs during such adaptation (3) . The activity of chemotaxis methyltransferase is detectable in vivo and in vitro. As an alternative assay, whole cells can be permeabilized, giving an essentially in vitro system but one which generally conserves in vivo-like spatial relationships and relative concentrations of the various cellular constituents (9, 10) .
In this study, cells permeabilized by toluene were used to study chemotactic methylation in unstimulated B. subtilis cells. Under the permeabilizing conditions described here, it was apparent that membrane holes generated by toluene treatment were large enough for the methylating enzyme to pass through them. This work reconfirms the notion of a divalent cation requirement for the MCP methylation reaction, and the lower doublet methylation is consistent with data suggesting the existence of a cytoplasmic substrate for methyltransferase II, whose function is not known (A. Burgess-Cassler and G. W. Ordal, submitted for publication).
(The material presented here is part of a Ph.D. dissertation submitted by A.B.-C. to the University of Illinois, Urbana, 1983 .)
The permeabilization assay was based on a procedure developed by Paoni and Koshland (9) with modifications. B. subtilis OI 1085, the wild type for chemotaxis, and 01 1100, a chemotaxis methyltransferase II strain (11) , were grown to 180 to 200 Klett units (red filter) in Luria broth, washed twice in chemotaxis buffer (8) , and suspended in the same buffer at an absorbance at 600 nm of 1.5. Toluene (0.4%, vol/vol) was added, and the cells were shaken manually in Erlenmeyer flasks for 2 min. Cells were then incubated at 37°C with slow shaking for 20 min.
Toluenized cells (nonmotile after treatment) were then harvested by centrifugation and suspended in chemotaxis buffer as before. To 2. Thawed samples were centrifuged for 20 min at 3,100 rpm in a Sorvall NSE tabletop centrifuge at 4°C. Each cell pellet was suspended in 100 ,ul of twofold-concentrated Laemmli solubilizer (6) and allowed to sit overnight at 4°C to ensure complete solubilization. Samples were next boiled for 3 min and then washed in 6-ml volumes of ice-cold acetone and ice-cold 50%6 (vol/vol) aqueous acetone. These precipitates were dried under a stream of nitrogen, treated as before with solubilizer, and then electrophoresed in vertical discontinuous sodium dodecyl sulfate-polyacrylamide slab gels (10o acrylamide-0.13% bisacrylamide for separating gel) by the method of Laemmli (6) . Dried gels were then fluorographed (7).
Between 10 and 15 ,ug of ammonium sulfateprecipitable cellular protein was released per ml of permeabilized cells. Protein was estimated by the procedure of Sedmak and Grossberg (11) . This represented a loss of approximately 10o of the total cytoplasmic protein, based on typical yields of cytoplasmic protein from lysed cells. This value seems consistent with previous reports (2, 5) . If holes in the cell membrane, generated by this procedure, are large enough to allow cell protein to leak out, then appropriately sized, exogenously added proteins might be able (Fig. 1) (Fig. 1, lane 4) ; and (iii) the absence of methylation in the wild type (Fig.  1, lane 2) Ordal, submitted for publication). They apparently do not leak from the cytoplasm but are brought down by centrifugation, as are MCPs in the permeabilized cells. The other interesting observation is the qualitative difference between the MCP methylation in strain OI1085 and that in strain 011100 (cf. lanes 1 and 4) . More MCP methylation occurs in 011100, probably because MCPs in this strain are totally unmethylated at the onset of the experiment. Conversely, 011085 MCPs contain sites already occupied by unlabeled methyl groups, resulting in a lower relative [3H]AdoMet incorporation.
A more purified preparation of methyltransferase II (see Table 1 , steps 1 to 5, in reference 2) was used in increasing concentrations to methylate toluenized 011100 (Fig. 2) . It is clear that MCP band H3 and the lower-molecular-weight doublet both become more methylated when exposed to greater amounts of the enzyme. Therefore, the lower-molecular-weight species do seem to be substrates for this enzyme. Also, there is a definite order of methylation within H3, namely, H3B, H3A, and H3C (middle, lower, and higher Rf species, respectively).
In order to assess the effect of divalent cations in the permeabilization assay (the exogenous X2+ concentration was less than 0.5 mM in Fig.  2, lanes 1 to 5) , the experiments of Fig. 2 Fig. 1 . methylation of the lower doublet did not increase upon addition of MgCl2 (cf. Fig. 2 and 3) .
Thus, permeabilization can be used as a tool to help describe the B. subtilis methylation system. By varying chemoeffector, divalent cation, methyltransferase II, and [3H]AdoMet concentrations, we may be able to describe more fully how each of these parameters affects chemotaxis methylation in vivo. The results reported here suggest that the holes formed by toluene were large enough for methyltransferase II to pass through them. Other enzymes that interact with the inner surface of the cytoplasmic membrane or a complex too large to pass through these membrane holes could be studied by these techniques, especially if cells could be kept viable and the holes could be resealed after manipulation.
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